Successful innovation depends on knowledge -technological, strategic and market related. In this paper we explore the role and interaction of firms' existing knowledge stocks and current knowledge flows in shaping innovation success. The paper contributes to our understanding of the determinants of firms' innovation outputs and provides new information on the relationship between knowledge stocks, as measured by patents, and innovation output indicators. Our analysis uses innovation panel data relating to plants' internal knowledge creation, external knowledge search and innovation outputs. Firm-level patent data is matched with this plant-level innovation panel data to provide a measure of firms' knowledge stock. Two substantive conclusions follow. First, existing knowledge stocks have weak negative rather than positive impacts on firms' innovation outputs, reflecting potential corerigidities or negative path dependencies rather than the accumulation of competitive advantages. Second, knowledge flows derived from internal investment and external search dominate the effect of existing knowledge stocks on innovation performance. Both results emphasise the importance of firms' knowledge search strategies. Our results also reemphasise the potential issues which arise when using patents as a measure of innovation.
Knowledge stocks, knowledge flows and innovation: Evidence from matched patents and innovation panel data

Introduction
Successful innovation depends on knowledge -technological, strategic and market related. In this paper we explore the role of existing knowledge stocks and current knowledge flows in shaping innovation success. Existing knowledge stocks may, for example, contribute directly to the novelty or complexity of new innovation (Lee 2010) . They may also shape firms' investments in internal knowledge creation and external knowledge search, emphasising or de-emphasising particular technologies or knowledge-types, with potential implications for innovation outputs (Wu and Shanley 2009) . Similarly, internal knowledge investments may have either a complementary or substitute relationship with external knowledge search, again with potential implications for innovation outputs (Arora and Gambardella 1990; Cassiman and Veugelers 2002) .
Our analysis provides evidence on the relative impact of existing and 'new' knowledge in shaping firms' innovation trajectories. In particular, we provide a link between the growing literatures on open innovation (Chesborough 2003 (Chesborough , 2006 and innovation partnering (Oerlemans et al. 1998; Roper 2001; Love and Roper 2004) , which emphasise current knowledge flows, and other studies which emphasise the innovation impacts of knowledge stocks (Brouwer and Kleinknecht 1999; Park and Park 2006) . Our analysis also contributes to our understanding of what Wu and Shanley (2009) call the 'competence-rigidity paradox'
reflecting the ambiguity of resource-based and managerial perspectives on the relationship between knowledge and innovation. For example, resource-based perspectives on the firm suggest that existing knowledge resources will be positively related to innovation and business performance (Haskel et al. 2009; Dierickx and Cool 1989) . Literatures on open innovation, innovation partnerships and networks also suggest the positive innovation benefits of external knowledge flows (Fleming and Waguespack 2007; West and Gallagher 2006; Hung and Chou, 2013) . Managerial perspectives, however, while recognising the potentially positive innovation effects of both existing knowledge stocks and knowledge flows, also recognise the potential for negative innovation effects through path-dependency (Thrane et al. 2010) , core-rigidities (Leonard-Barton 1992), or search myopia (Levinthal and March 1993) . Our analysis encompasses both of these perspectives, testing inter alia the interactions between existing knowledge stocks and knowledge flows arising from internal investments in knowledge creation and external search activity.
Our analysis is based on a matched database which combines firm-level patent data with panel data on individual plants' innovation activity derived from a series of surveys of Irish manufacturing plants . The innovation panel data -the Irish Innovation Panel or IIP -also provides a wide range of other variables relating to the characteristics of each plant, their innovation partnering activities and their internal capabilities and resources . The combination of these two data sources enables us to examine the role of knowledge (patent) stocks in shaping innovation activity, directly addressing a gap in our understanding as identified by de Rassenfosse and van Pottlesberghe (2009) . Indeed, as far as we can ascertain, this is the first time that a businessunit level analysis of this type, exploring the relationship between patent stocks and surveybased measures of innovation outputs has been possible, although other studies have considered the effect of firms' innovation strategy on patenting behaviour (Peeters and van Pottelsberghe 2006) 1 .
Interest in the importance of patents as a contributor to innovation has been stimulated by the sharp global increase in patenting activity over recent years. In Ireland, the number of successful patent applications to the US and European patent offices has also risen sharply over the last two decades (Figure 1 ), growing faster than that in the large OECD countries and most other small European countries from 1978 to 2009 (Hewitt-Dundas et al. 2014 ). In the pre-1990 period, patenting activity in Ireland was very limited and was dominated by applications from individual inventors. By 1998, growth in the foreign-owned sector in Brouwer and Kleinknecht (1999) also consider the converse relationship between innovative sales and indicators of patenting activity finding positive linkages. 2 Approximately three quarters of the foreign investments over this period were US owned, concentrated in computer, chemicals, pharmaceuticals and electrical equipment sectors (McCarthy 2001; Barry 2005) . 3 Ramani et al. (2008) note similar heterogeneity in patenting activity in their study of biotech based foods and that this pattern of heterogeneity changes little from year to year. This reflects other studies which have indigenously-owned firms (O'Sullivan, 2000) , and the relatively low level of patenting per capita in Ireland compared to the UK (Mainwaring et al. 2007 ) and other reference economies (Trajtenberg 2001) 4 . Reflecting the themes highlighted by O'Sullivan (2000) and
McCarthy (2001), more recent examinations of the industrial composition of Irish patents also suggest the importance of patenting activity in those high-tech sectors in which inward investment has dominated recent development (Hewitt-Dundas et al. 2014) .
The remainder of the paper is organised as follows. Section 2 sets out the conceptual basis for our analysis drawing on the literatures on open innovation and the knowledge or innovation production function. Central to our conceptualisation of knowledge stocks and flows is the asset accumulation model suggested by Dierickx and Cool (1989) . Hypotheses are developed relating to the impact of existing knowledge (patent) stocks and knowledge flows on innovation. Section 3 describes our data sources and econometric methods and Section 4 summarises the key empirical results. Section 5 provides some robustness tests while Sections 6 and 7 include discussion and conclusions. '… while flows can be adjusted instantaneously, stocks cannot. It takes a consistent pattern of resource flows to accumulate a desired change in strategic asset stocks'. Additions to firms' knowledge stocks may, however, arise from either internal or external sources, with recent studies emphasising the potential importance of external knowledge for innovation (Chesborough 2003 (Chesborough , 2006 , and the potential for external knowledge to complement firms' pre-existing knowledge stocks (Choo and Bontis 2002) and/or new internally generated knowledge flows (Zenger 2002; Cassiman and Veugelers 2002; Cassiman and Veugelers 2006 ).
Conceptual background and hypotheses
This suggests three, potentially inter-related, sources from which firms might derive the knowledge underlying current innovation ( Figure 2 ). First, existing knowledge stocks might provide proprietary knowledge contributing to the novelty of new innovation. As Tzabbar et al. (2008) suggest, past studies have linked knowledge stocks with technological leadership, enhanced market position and corporate performance. Empirical support for the importance of pre-existing knowledge stocks for innovation is provided both by the widespread importance of incremental innovation which builds strongly on previous innovation (Helfat 1994; Audretsch 2002) as well as evidence on the persistence of patenting and innovation (Cefis and Orsenigo 2001; Roper and Hewitt-Dundas 2008) . Whether represented by codified metrics such as patent stocks, or more intangible indicators, such resources might be expected to make a positive contribution to firms' innovation outputs by accelerating innovation processes or providing the basis for increased novelty and customer satisfaction (Kyriakopoulos and de Ruyter 2004) . Wu and Shanley (2009) , for example, identify positive innovation output effects from both of the knowledge stock measures they consider 5 . This suggests Hypothesis 1 that:
H1: Existing knowledge stocks will have a positive impact on innovation outputs.
Secondly, innovation may be influenced by current knowledge flows generated through firms' investments in in-house knowledge creation through R&D (Jordan and O'Leary 2007; Hewitt-Dundas and Roper 2009 ). There is widespread evidence of the positive role of such 5 Teece (1998) suggests, however, that the boundary between firm's internal knowledge stock and external knowledge can be blurred. Firms do not benefit from external knowledge merely through exposure to it, but rather the benefit reflects their absorptive capacity, i.e. their ability to identify, assimilate and utilize appropriate external knowledge to complement knowledge stocks (Escribano et al. 2009 ). knowledge investments on innovation and business performance with Artz et al. (2010) providing a recent review. At a macro-economic level, studies such as (Guellec and van Pottelsberghe 2004) have identified the positive impact of R&D spending on productivity growth while regional studies have also emphasized the potential value of R&D investments H2: Knowledge flows from internal investments will have a positive impact on innovation outputs
Firms' knowledge investments, and therefore potentially their innovation outcomes, may however be contingent on firms' existing knowledge stocks (Wu and Shanley 2009; Dierickx and Cool 1989) . Dierickx and Cool (1989) , for example, stress the potential for 'asset mass efficiencies' in which firms with strong knowledge stocks find it easier to add further increments to their knowledge stock. Complementarities between new knowledge and firms' existing knowledge stocks ('interconnectedness') may also add to their innovation value (Dierickx and Cool 1989; Zenger 2002) . Contingency between firms' new knowledge flows and existing knowledge stocks may not always be positive, however, due to search myopia or lock-in (Leonard-Barton 1992). As Helfat (1994, p. 174 ) notes: 'because learning is cumulative, firms are likely to search for new products and processes in areas related to past R&D. As a result the direction of future learning depends on the nature of the accumulated knowledge base'. Firms may also have a preference for new products or processes which are strongly related to their existing knowledge base (Thrane et al. 2010) 6 . Either factor may narrow the scope of firms' search for new knowledge potentially limiting the complementarities between current knowledge flows and existing knowledge stocks. Kyriakopulos and de Ruyter (2004, p. 1470) , for example, cite the disk drive sector in particular as having difficulty in trying 'to break away from entrenched routines or obsolete information channels'. Other empirical evidence on the effect of knowledge stocks on the innovation benefits of knowledge investments is, to quote Wu and Shanley (2009, p. 481) 'rather limited'. However, their results for the US electro-medical device sector suggest that firms' knowledge stock moderates the innovation benefits of external knowledge search, i.e. 'a continuously increasing effort of exploration is helpful where a firm has a narrow knowledge base; however as the knowledge breadth increases a moderate level of exploration is more productive' (p. 482). This suggests:
H3: Existing knowledge stocks will have a negative moderating effect on the innovation value of knowledge flows from internal investments.
Alongside their in-house knowledge investments firms might also engage in an external search for knowledge for innovation ( Figure 2 ). Previous studies have emphasised the value of such boundary-spanning knowledge flows for innovation (Oerlemans et al. 1998; Love and Roper 2001) as well as the potential limits of external knowledge acquisition (Laursen and Salter 2006) . Knowledge obtained from customers, for example, might impact most strongly on incremental product innovation (Su et al. 2007 ), while knowledge provided by suppliers or external consultants might impact most directly on process change (Horn 2005; Smith and Tranfield 2005) or new-to-market product innovation. There is increasing evidence, however, that this effect is non-linear. Wu and Shanley (2009) working with patent citation data, identify an inverted 'U' shape relationship between new patent citations and successful patent applications in the US electromechanical device industry. Similarly, Laursen and Salter (2006) and Katila and Ahuja (2002) also find an inverted 'U' shape relationship between firms' innovation performance and external search effort. As indicated in Figure 2 this suggests Hypothesis 4:
H4: Knowledge flows from external knowledge search will have a positive but nonlinear impact on innovation outputs.
As with firms' in-house knowledge investments, however, the innovation value of externally sourced knowledge may also be contingent on firms' existing knowledge stocks and their potential for shaping the focus or intensity of external knowledge search (Hung and Chou 2013; Wu and Shanley, 2010) . Again, 'asset mass efficiencies' or 'interconnectedness' between existing knowledge stocks and external knowledge flows may be important (Dierickx and Cool 1989) , with Wu and Shanley (2009) also suggesting that external knowledge search may also contribute to innovation by helping firms to access new knowledge and technology, particularly in highly turbulent technological environments (Hung and Chou 2013, Bergek et al. 2013 ) and potentially avoiding core-rigidity or negative path dependency (Leonard-Barton 1992). Penin (2005) also argues that existing knowledge (patent) stocks may also ease collaboration among companies by providing a transparent basis for collaboration or partnership. Negative effects might also be anticipated, however,
where external search activity is disproportionate in scale, overly costly, disruptive or where the technologies accessed are more distant from firms' existing technological competencies (Ahuja and Katila 2001) . As with internal knowledge investments, we therefore anticipate that:
H5: Existing knowledge stocks will have a negative moderating effect on the innovation value of knowledge flows from external search.
Finally, there may also be complementarity between flows of internally generated and externally sourced knowledge (e.g. Arora and Gambardella, 1990; Veugelers and Cassiman, 1999; Cassiman and Veugelers, 2006) . Firms' internal investments in R&D, for example, have often been seen as important to absorptive capacity (Cohen and Levinthal 1990; Zahra and George 2002) allowing firms: to scan for the best available external knowledge; to enable the efficient absorption and use of this knowledge; and, to help in the appropriation of the returns from new innovations (Griffith et al. 2003) . Internal R&D may, for example, help firms to minimise asymmetric information with technology suppliers and so reduce uncertainty and the transaction costs and other strategic issues associated with external knowledge search (Teece, 1988) . This suggests:
H6: Knowledge flows from internal investments and external search will have complementary impacts on innovation.
Data and methods
Our empirical analysis is based on matched data taken from two sources. Data from the Irish Innovation Panel (IIP) is used to measure plants' innovation activity, knowledge flows from in-house investment and external knowledge search, and a range of control variables. Patent histories derived from the US and European patent offices are used to reflect firms' existing stocks of codified, inimitable knowledge which may provide the basis for novel innovation and, potentially, shape the innovation value of current knowledge flows (Penin, 2005) .
The The initial IIP survey, undertaken between October 1994 and February 1995, related to plants' innovation activity over the 1991-93 period, and achieved a response rate of 32.0 per cent (Roper et al., 1996; Roper and Hewitt-Dundas, 1998 , Table A1 .3). The second IIP survey was conducted between November 1996 and March 1997, covered plants' innovation activity during the 1994-96 period, and had a response rate of 28.6 per cent (Roper and Hewitt-Dundas, 1998) . The third IIP survey covering the 1997-99, period was undertaken between October 1999 and January 2000 and achieved an overall response rate of 29.4 per cent (Roper and Anderson, 2000) . plants' ability to introduce new products to the market but also their short-term commercial success. Across the IIP, 64.1 per cent of plants were product innovators while 58.1 per cent were process innovators; 14.7 per cent of plants' sales were derived from newly introduced products (Table 1) . Correlations between the innovation output variables are positive with 70.6 per cent of product innovators also engaged in process innovation activity ( Table 2) .
The IIP also provides information on a number of other plant characteristics which previous studies have linked to innovation outputs. For example, across the panel, 48.5 per cent of plants were undertaking investments in in-house R&D, providing our measure of knowledge flows from in-house investments in knowledge creation ( From the patent history for each plant we then construct a depreciated patent stock measure to reflect each plant's unique and cumulated knowledge stock allowing for 'asset erosion' (Ramani et al. 2008; Dierickx and Cool 1989) 10 . As a first step it is useful to consider constructing an aggregate patent stock in period t defined as the cumulative number of successful patent applications from the start of our data collection period (1976) Our empirical approach focuses on the innovation or knowledge production function which represents the process through which pre-existing knowledge stocks and current knowledge inputs are transformed into innovation outputs (Griliches 1995; Love and Roper 2001; Laursen and Salter 2006) . This approach has been widely used in the innovation studies literature, and the innovation or knowledge production function forms an element of the widely used CDM modelling framework (Crepon et al. 1998) . In more formal terms, if I i is an innovation output indicator for plant i the innovation production function might then be summarised as:
Where: KI i are plants' internal knowledge investments, KX i are plant i's external knowledge search, KS i is the existing knowledge stock and RI i is a set of plant-level control variables. 11 By industry the patent depreciation rates calculated by Park and Park (2006) Our primary interest here is in the coefficients β 1 to β 6 which relate directly to the hypotheses outlined in the previous section.
Within RI i we include a range of variables which have been shown to influence innovation outputs in previous studies involving innovation production functions (Crepon et al. 1998; Loof and Heshmati 2001, 2002; . First, we include variables relating to exporting and the organisation of R&D to reflect firms' strategic orientation. Secondly we include a variable to reflect plant size which we interpret in the Schumpeterian tradition as a resource indicator, and which has been shown in previous studies to have a typically nonlinear (inverted-U shape) relationship to innovation outputs (Jordan and O'Leary 2007) .
Thirdly, we include an indicator of enterprise vintage to capture potential firm life-cycle effects (Atkeson and Kehoe 2005) . Fourth, we include an indicator of whether or not a plant is externally-owned to reflect the potential for intra-firm knowledge transfer (Jensen 2004 ).
Fifth, we include an indicator of the level of graduate skills in the plant which we expect to have a positive relationship to innovation outputs (Freel 2005; Arvanitis et al. 2007 ). Finally, we include an indicator of whether or not the plant had received public support for its product or process innovation activity. In each case we anticipate this support having positive effects on innovation outputs (Hewitt-Dundas and Roper 2009).
Our estimation approach is dictated largely by the fact that we are using plant data from a highly unbalanced panel and that our dependent variables are not continuous. We therefore make use of panel data probit and tobit estimators, including in each model a set of sector controls at the 2-digit level and a series of time dummies to pick up any secular differences between the waves of the IIP 13 . Probit models are used to model the probability that plants will engage in either product or process development. Tobit models are used where the dependent variable is the percentage of sales derived from innovative products, a variable which is truncated at zero and 100. Plant observations are also weighted to provide representative results and take account of the structured nature of the IIP surveys. Postestimation issues arise in the derivation of appropriate marginal effects in both the probit and tobit models given the inclusion of squared terms (on knowledge search) and interaction terms (Norton et al. 2004; Hoetker 2007; Berry et al. 2010) . To simplify the presentation of the empirical results we focus here on the sign and significance of the estimated coefficients 14 .
Empirical Results
Estimated innovation production functions for the probability that plants undertook product innovation are included in Table 3 . Five models are presented including control variables only (Model 1), control variables and the direct effects of existing knowledge stocks and knowledge flows (Models 2-4), and the complete set of interaction (moderating) effects (Model 5). Each model includes both (2-digit) industry dummy variables and time dummy variables for all except the first wave of the IIP (not reported). In Models 3 and 5 we include both the levels and quadratic of the extent of plants' external knowledge search to reflect the type of limits to external knowledge search behaviour identified by Laursen and Salter (2006) .
In terms of the knowledge inputs to the probability of product innovation, knowledge flows from investments in R&D have the anticipated significant and positive effect (Table 3) .
Knowledge flows from external search also have positive innovation effects, as well as the anticipated inverted 'U' shape effect on the probability of product innovation (Laursen and Salter 2006) . Existing knowledge stocks, however, have an unanticipated negative but insignificant direct effect on the probability of product innovation (Table 3) . Introducing the moderating effects has little impact on these direct effects, and proves significant in terms of the relationship between knowledge flows from external search and R&D investment, and between existing knowledge stocks and knowledge flows from external search (Table 3, Model 5). The negative moderating effect between knowledge flows from R&D investment and external search was unanticipated (Hypothesis 6), suggesting a substitute rather than complementary relationship between knowledge arising from investments and external search. We are also not alone in finding this type of substitute relationship. Laursen and Salter (2006) find a similar substitute relationship between internal R&D and external search, arguing that it may reflect a 'not-invented-here' syndrome, or the impact of an attention allocation problem as ideas are generated both internally and externally.
As suggested by Hypothesis 5, existing knowledge stocks also have a relatively weak but positive average moderating effect on the innovation value of knowledge flows derived from firms' external search activity (Table 3 , Model 5). In terms of the controls, exporting, R&D department, external-ownership and government support for innovation all have positive and significant effects on the probability of product innovation (Table 3 , Model 5).
Probit models for the probability of process innovation suggest a rather similar picture to that for product innovation (Table 4 ). Existing knowledge stocks again have an unexpected but weak negative marginal effect on the probability of undertaking process innovation, contrary to our expectations in Hypothesis 1 (Table 4, Model 5). This contrasts strongly with the strong and positive process innovation effects of knowledge flows resulting from R&D investment and external knowledge search, which again provide strong support for Hypothesis 2 and Hypothesis 4 (Table 4, Model 5). In terms of the moderating effects, existing knowledge stocks have no significant effects on the benefits for process innovation of knowledge flows derived from either knowledge search or investment (Model 5, Table 4 ).
As for product innovation (Table 3) we again identify a significant substitute relationship, however, between knowledge flows derived from R&D investments and external search (Table 4 , Model 5). Here, we also find no evidence of the limits to the innovation benefits of external knowledge search identified by Laursen and Salter (2006) . A number of control variables are also significant here: firm size and public support for R&D both have positive effects; a consistent and significant negative effect on labour quality is more surprising (Table 4 ).
Finally, Tobit models of the proportion of sales derived from innovative products are reported in Table 5 . These suggest similar positive innovation effects from knowledge flows related to search and investment to those noted earlier (Table 5, Model 5). Existing knowledge, however, again have insignificant negative effects on innovative sales (Models 2 and 5, Table   5 ). Including the moderating effects highlights again an unexpected (negative) substitution effect (Hypothesis 4) between knowledge flows derived from investments and external search, and a positive and significant moderating effect from knowledge stocks on the innovation value of firms' knowledge search (Hypothesis 6). Control effects here are similar to those for the probability of undertaking product innovation with R&D department, external ownership, workforce quality and public support all having statistically significant positive effects (Table 5, Model 5).
Robustness tests
We conduct three tests designed primarily to ensure the robustness of the sign and significance pattern of the direct effects and moderating effects of the models reported in Tables 3-5 and summarised in Table 6 . One possibility is that these results are sensitive to missing values in our company survey data which restrict the estimation sample in more complex models. To test this sensitivity we re-estimated Model 5 in Tables 3, 4 and 5 (including the moderating effects) using multiple imputation for missing values (Schafer 1997) . 15 These models reproduce exactly the sign and significance pattern of the direct and moderating effects reported in Table 6 suggesting the robustness of the reported results.
A second possibility is that our results may reflect differences in the propensity to patent between sectors due perhaps to technological opportunities (Perez-Cano and Villen-Altamirano 2013) or market entry barriers (Heger and Zaby 2013). 16 To control for sectoral differences in patenting propensity we again re-estimate the final models in Tables 3, 4 and 5 including a set of interaction variables between the (firm-level) patent measure and the sectoral dummies. Including these variables has no effect on the size and significance of the direct effects of knowledge stocks, investment and search on innovation reported in Table 6 .
The moderating effects also remain similar in sign and significance taking identical signs across the three models. The investment-search moderating effect is unchanged from the reported models remaining negative and significant for each of the three innovation indicators (Table 6 ). The stock-investment interaction retains its negative sign and insignificance in the product and process innovation models and becomes negative and insignificant in the innovative sales model. Similarly, the stock-search interaction retains its sign and significance in the product innovation and innovative sales models and becomes positive and significant in the process innovation model. These results re-emphasise our key results and provide strong support for Hypothesis 2 and Hypothesis 3 but no support for our other hypotheses.
Finally, we experimented with an alternative dependent variable -the number of new or improved products -which is available within the Irish Innovation Panel. This count variable takes value zero where a firm is a non-innovator, and positive integer values where a firm was innovating 17 . Estimating zero-inflated negative binomial models again suggests very similar results to those reported in Table 6 . Knowledge stocks have a (significant) negative effect on the number of new/improved products introduced, while R&D and search have positive effects. In this sense our results differ from those of Artz et al. (2010) who find a positive relationship between patenting activity and the number of new product announcements in their study of larger US firms. Moderating effects follow the same pattern of sign and significance as those reported in Table 6 with the stock-search interaction again positive and significant. These results again provide support for Hypothesis 2 and Hypothesis 3 only.
Discussion
Our results provide no support for the anticipated positive effect from existing knowledge (patent) stocks on innovation outputs envisaged in Hypothesis 1 (Table 6) . Instead, our evidence suggests a statistically weak negative effect between firms' knowledge (patent) stocks and each of our innovation output measures. The lack of any very clear linkage between patent stocks and innovative sales is perhaps not unsurprising given evidence since Mansfield (1986, p. 180 ) that the effects of the patent system 'are very small in most of the industries we studied … very few additional inventions were commercially introduced because of patent protection, according to the firms themselves'. More recently, Faber and Hensen (2004) examine the relationship between patents granted and sales of innovative products in a group of European economies and are able to find no significant relationship 18 .
By way of explanation they conclude that: 'the national institutional and economic infrastructure conditions shape the innovation activities carried out at the level of firms and supersede the effects of these activities on national patent acquisition' (Faber and Hensen 2004, p. 205-06) . More surprising is the (albeit weak) negative relationship between existing knowledge (patent) stocks and innovation outputs rather than any more positive resourcebased or competence effect (Tzabbar et al. 2008) , although Artz et al. (2010) also identify a negative relationship between patents and measures of business performance. One possibility here is a misalignment effect with plants potentially devoting too many resources to the technological investments which may develop, protect or defend patents rather than effective commercialisation. Or, in terms of March (1991) placing too much emphasis on exploration rather than exploitation. Other potential explanations relate to negative path-dependency (Thrane et al. 2010) or core-rigidities (Leonard-Barton 1992) in which prior patent stocks become a constraint rather than an enabler of plants' innovation activity. For example, in some of the cases discussed by Leonard Barton (1992) managers reacted to internal tensions caused by mismatches between existing and new knowledge by abandoning difficult development projects. In other cases, similar tensions led to isolationist strategies by different groups. Both negatively influenced firms' innovation performance.
Our results suggest, as anticipated from previous studies, positive impacts from knowledge flows associated with investments in R&D on each measure of innovation providing consistent support for Hypothesis 2. That is, plants' engaging in in-house R&D had both a higher probability of making product and process innovations and were also more likely to achieve higher levels of innovative sales. This reflects results from a range of prior studies suggesting a similar positive relationship (Ulku 2007; Santamaria et al. 2009; Artz et al. 2010 ). More interesting perhaps is the pattern of effects we observe for the innovation effect of knowledge flows derived from external search. These have a positive impact on both the probability of innovating and innovation success, although with evidence of diminishing returns in terms of the probability of undertaking product innovation (Table 6 ). Unlike Laursen and Salter (2006) , however, we do not find any evidence of significant diminishing returns to search breadth for innovative sales. More broadly, therefore our results confirm the importance of knowledge flows derived from external knowledge search for innovation, and the innovation value of openness (Chesborough 2003 (Chesborough , 2006 .
Taken together our results provide some insight into the relative importance of existing knowledge stocks and current knowledge flows (from investment and external search) for innovation performance. In particular, our results emphasise the dominant importance of knowledge flows derived from plants' current knowledge investment and search activities for innovation rather than any cumulative process in which innovation draws strongly on prior knowledge investments (Dierickx and Cool 1989) . Moderating effects, arising from the interaction of existing knowledge stocks and knowledge flows also prove interesting and perhaps help to address the concerns raised by Hutzschenreuter and Israel (2009) in their review of dynamic strategy, for example, that 'path dependencies are the least studied to date … the empirical studies we have uncovered still fall short in accounting for the performance implications' (p. 448). Specifically, we find little evidence of any significant moderating effects between plants' existing knowledge (patent) stocks and the innovation value of current knowledge investments (Table 6 ). There is evidence, however, that existing knowledge stocks do have a positive effect on the innovation value of knowledge flows related to external search (Table 6 ). This consistent with the evidence cited in Penin (2005) which suggests that the primary contribution of patents to innovation may be through their facilitation of knowledge co-ordination between firms rather than their more direct technological effects.
Perhaps more surprisingly we also find consistent evidence of a negative moderating effect between knowledge flows derived from plants' internal R&D investments and external search (Laursen and Salter 2006) . While consistent with a resource-based view, in which knowledge derived from external search and internal investment might be substitutes, this result contrasts with much of the recent empirical literature which emphasises instead complementarities between firms' internal and external knowledge resources (e.g. Arora and Gambardella, 1990; Veugelers and Cassiman, 1999; Cassiman and Veugelers, 2006) .
Conclusions
Four substantive conclusions stem from our analysis. First, across manufacturing as a whole, patent stocks have a (weak) negative rather than positive impact on plants' innovation outputs, reflecting potential negative path dependency or core-rigidities (Leonard-Barton 1992) rather than any positive accumulation of knowledge (Dierickx and Cool 1989) . Second, knowledge flows associated with plants' current knowledge search and investment activities dominate any legacy effects on innovation performance. Third, while existing knowledge stocks have little direct effect on innovation outputs, they do have a positive moderating effect on the innovation value of external knowledge search (Penin, 2005) . This emphasises the importance of a contextualised view of firms' knowledge acquisition strategies and the importance of allowing for existing knowledge stocks in considering the innovation effects of current knowledge acquisition. Fourth, allowing for existing knowledge stocks also suggests a substitution relationship between knowledge flows derived from R&D investments and external search.
In strategic terms our results suggest the primary importance of firms' current knowledge acquisition strategy in influencing innovation, with key choices around internal R&D investment and external search. These are alternatives, however, with -at the marginevidence of the substitutability of knowledge flows derived from external search for those derived from internal investment. Given this substitutability firms may, at the margin, have a preference for internal R&D investment, as this may add more directly to firms' knowledge stocks and help to increase the innovation value of future knowledge search.
In terms of the measurement of innovation, our results reinforce the conclusion of Peeters and van Pottlesberghe (2006) who suggest that 'when using patent-related indicators of innovation, researchers should be aware and explicitly take into account the fact that the empirical results not only refer to a particular type of firms and sectors but also to a specific set of innovation strategies'. Indeed, our results suggest that there may actually be an inverse relationship between patent indicators and innovation output measures reflecting other similar findings in terms of between patents and measures of business performance (Artz et al. 2010 ).
This has clear implications too for debates about the value or otherwise of current IP regulations although as Penin (2005) notes such debates need to reflect both the direct innovation effects of patents as well as their broader enabling impacts.
Our study is, of course, not without its limitations. Predominant among these is that it is restricted to manufacturing firms, while the majority of economic activity relates to services.
However, it is perhaps in manufacturing where the strongest links might be expected between codified knowledge stocks -such as patents -and innovation outputs. For services, future studies might usefully explore tacit knowledge stocks and innovation. A further question relates to the generalisability of our analysis which is based on Irish data. While EU comparisons tend to emphasise the similarity of innovation behaviours in Ireland to those in other EU economies and the US ) national factors cannot, of course, be ruled out and international replication would therefore be valuable. Finally, our measurement of knowledge stocks here using patents data is clearly limited, particularly in more traditional manufacturing sectors. Confirmatory analysis could therefore usefully be developed using other more broadly based knowledge stock indicators reflecting perhaps cumulated investments in R&D and/or other intangibles (Haskel et al. 2009 ). 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 Culmulative patent stock Coefficients and standard errors are reported. * denotes significance at the 10 per cent level; ** at 5 per cent and *** at the 1 per cent level. Notes: '-' denotes a negative and significant marginal effect (at the 10 per cent level or above); '+' denotes a positive and significant marginal effect; (+)' is an insignificant positive effect and (-) denotes an insignificant negative effect.
Current Period Existing
Annex 1: Variable Definitions
Innovation Product innovation (0/1) A binary variable taking value 1 if the firm introduced any new or improved product during the previous three years.
Process innovation (0/1) A binary variable taking value 1 if the firm introduced any new or improved process during the previous three years.
Innovative sales (new) (% sales)
An indicator representing the percentage of firms' sales at the time of the survey accounted for by products which had been newly introduced over the previous three years.
Knowledge indicators
Absolute patent stock (number)
The cumulative number of successful patent applications made by the firm in the period prior to the survey reference period.
Depreciated patent stock (number)
The cumulative number of successful patent applications made by the firm in the period prior to the survey reference period depreciated using the estimated depreciation rates from Park and Park (2006) .
In plant R&D A binary indictor taking value one if the firm has an in-house R&D capacity
Innovation Partnering An indicator of the number of the breadth of innovation partnering conducted by the firm. Takes values 0 to 10 depending on how many different types of partner firm is working with: group company, supplier, consultant, client, competitor, joint venture, government laboratory, university, private laboratory, industry research centre.
Control variables
Exporting firm A binary indicator taking value one if the firm was selling outside the UK and Ireland.
R&D Department
A binary indictor taking value one if the firm had a formally organised internal R&D department.
Plant vintage
The age of the site (in years) at the time of the survey.
Externally owned A binary indicator taking value one if the firm was owned outside Ireland at the time of the survey.
Employment
Employment at the time of the survey. Percentage with degree Percentage of the workforce with a degree or equivalent qualification
Public support for product innovation A binary indicator taking value one if the firm had received government support for product innovation over the previous three years.
